Soil macrofauna (i.e., soil invertebrates ranging from 2-20 mm in size) is an important part of terrestrial ecosystems; some soil species are decomposers of dead organic matter, whereas others are predators. Several standard methods have been used for collecting faunistical and coenological data. The easiest and the oldest method is hand collecting using tweezers. Though very adequate for obtaining live animals, this method is time-consuming and difficult to quantify. Another method consists of Barber traps (BARBER 1930) , better known as pitfall traps. The latter are widely used in ecological studies for their simplicity, time efficiency and the possibility to leave them in the field for a long time. These traps consist of plastic or glass jars that are embedded deep in the soil and are filled with a solution to preserve the specimens that fall in them (e.g., formaldehyde, ethyleneglycol). Unfortunately, Barber traps mostly catch surface-dwelling species. ADIS (1979) and WOOD- COCK (2005) concluded the following about pitfall traps: the size of the sample these traps collect is affected by a number of environmental factors (e.g., climate, microclimate, biotope, age of wood, type of soil surface and soil), as well as trap parameters (diameter, shape of mouth, depth, cover, fixation solution, pattern of traps distribution, digging method). They stressed that traps need to be chosen according to the biotope and type of research.
To study animals inhabiting soil (not only the soil surface), it is necessary to sample soil layers. Litter and/or soil sifting is the easiest choice to get soil animal samples (GÓRNY & GRÜM 1993) . Sifting has the advantage of sampling microsites that are not accessible by other quantitative methods, for example brittle wood, local litter heap etc. Its major disadvantages are that they can damage the invertebrates (e.g., centipedes or diplurans have specific characters on appendages or legs) and are size-selective (the size of the mesh is a compromise between animal size and size of material particles). There are two ways to compare the species's spectrum recorded by individual samples collected by sifting: 1) according to the sampled area and depth of the sifted soil layers (e.g., sifted sample of original size of 25 x 25 x 5 cm); or 2) according to the volume of sifted material (e.g., two litres of sifted material form favourable microsite as decaying stub). The most useful method for quantitative studies is soil sampling. Even though it is a difficult method (due to time and weight aspects), it is the only way to guarantee that all animals from a given surface are sampled, since its success does not depend on the activity of the animals (ZOU et al. 2012) . After sifting or soil sampling, animals and soil matter need to be separated. There are several methods (e.g., GÓRNY & GRÜM 1993) to do this, which are clustered into two categories: passive and active. Passive methods separate animals and soil particles according to their different physical (shape, size) or chemical (consistency) characteristics. The samples are processed by (i) hand sorting, (ii) sorting by sieve-system (dry or wet sieving, MORRIS 1922) or (iii) separated in liquids of specific consistency (e.g. RAW 1955). The active methods benefit from the movement of animals in the soil sample. Invertebrates are unearthed by applying (iv) electrical, (v) temperature, (vi) light or (vii) chemical stimuli. The most frequent is the use of positive geotaxis -a decrease in soil humidity and an increase in soil temperature cause the movement of invertebrates to the deepest soil layer. The first thermoextractors were made by BERLESE (1905) , and several modifications of it have been designed since (e.g., KEMPSON et al. 1963) .
Centipedes are adequate to ascertain the effectiveness of soil macrofauna sampling methods. Generally, they are divided into two large groups that differ in biology. Lithobiomorpha and Scolopendromorpha centipedes inhabit the soil surface and litter layers. They predate on springtails, potworms, small spiders and harvestmen, and insect larvae. Geophilomorpha, by contrast, are associated with the upper soil layers and hunt small earthworms and potworms, also consuming dead organic matter. In Central Europe, the numbers of species in both groups are similar (TUF & TUFOVÁ 2008) . For this reason, different methods of sampling need to be used to estimate species diversity there. Some researchers have described centipede assemblages as epigeic and edaphic in part depending on whether the material was obtained using pitfall traps or soil sampling (e.g., WYTWER 1995 , WYTWER & TAJOVSKÝ 2009 ). However, our knowledge about the efficiency of different methods is limited. No important differences have been found among some methods (SMITH et al. 2008) and no significant differences have been detected between the efficiency of pitfall traps and litter sifting (PRASIFKA et al. 2007 ). This study aimed to find the best combination of methods to ascertain the centiped species' spectrum in Central European forests.
MATERIAL AND METHODS
Centipedes were collected by two quantitative (pitfall trapping, soil sampling) and two qualitative (hand collecting, litter sifting) methods. Pitfall traps (PT) were made by using glass jars (0.7 l) with properly fitting plastic cups (0.25 l) filled with 4% formaldehyde liquid; traps were covered by bark or metal hoods (approximately 2 cm above surface) and inspected approximately every three weeks. Soil samples (SS) were collected by circle metal probe made from toothed metal tube engraving intact soil samples. Obtained samples (area 1/16 m 2 and depth 10 cm, leaf litter included) were immediately transported to the laboratory in plastic bags. Litter sifting (LS) was done using sifter with mesh size 5 mm; favourable microsites and microhabitats were selected and sampled. Sifted litter and soil (mainly fermentation layer) material of approximately 3 l was transported immediately to the laboratory in plastic bags. Centipedes were hand collected (HC) by using tweezers in favourable microsites such as fallen trunks or branches, under barks, stones and moss cushions, for approximately one hour in each locality, per visit. Soil samples and siftings were successively cultivated in heat-extractors for ten days (60 W bulb, mesh size 5 mm, thickness of material inside funnel up to 10 cm -TUF & TVARDÍK 2005) to total dryness. The material collected by all methods was sorted, identified and stored in the author's private collection in 70% ethanol. The classification of centipedes into the following categories, relic/ adaptable/eurytopic, is based on their distribution on natural/ antropogenic habitats in the Czech Republic (TUF & TUFOVÁ 2008) .
Communities of centipedes from four localities in the Litovelské Pomoraví Protected Landscape Area (PLA), near the city of Olomouc in the Czech Republic, Europe, were sampled. All these localities were situated in hardwood floodplain forests (vegetation association Querco-Ulmetum). The herbal layer included Anemone nemorosa, Polygonatum spp., Lathyrus vernus, and Maianthenum bifolium. The dominant moss was Eurhynchium hians. The alluvial soil was loamy-sandy to loamy in the localities, with pH 4.8-5.The annual precipitation was around 520 mm, mean annual temperature was 9.1°C, the altitude of localities was about 200-230 m a.s.l. The following four localities were studied: (i) U zámecké Moravy Natural Monument (MOR; 49°43'4.256"N, 17°1'57.580"E, inside Hejtmanka Natural Reserve now), (ii) Vrapa National Nature Reserve (VR1; 49°42'40.581"N, 17°2'15.038"E), (iii) another site in Vrapa National Nature Reserve (VR2; 49°42'16.703"N, 17°2'33.423"E), (iv) forest mosaic near Horka nad Moravou (HNM; 49°39'12.592"N, 17°12'13.723"E). At MOR, VR1 and VR2, ten pitfall traps were installed during the season from April-September 2001 where four soil samples were taken using litter sifting and hand collecting. Litter sifting as well as hand collecting were applied randomly at the localities in an area of ca one hectare, and all the sifted material was combined into one mixed sample. At VR2 centipedes were collected and evaluated by Tajovský (Pi l, V. & Tajovský, K. unpubl.) using five traps (from May to September 1997), extraction of five soil samples (May and September 1997) and hand collecting. HNM was sampled by 18 traps (January 1998 to March 2001), 15 soil samples (taken monthly) and by occasional hand collecting. The localities can be divided based on the length of the study (shorter/ longer than one vegetation season): short-term (MOR and VR1) and long-term studied (VR2 and HNM).
RESULTS

Evaluation of methods
The combination of all studied methods yielded 11 centipede species at locality MOR; 8 species at locality VR1; 15 species at locality VR2 and 12 species at locality HNM (without litter sieving), respectively (Fig. 1) . A comparison between the short-term and long-term sampling has shown that the probability to detect rarer centipedes by any method increases with time. The greatest numbers of species were obtained at all localities by heat extraction of soil samples (more than 60%). Second came pitfall trapping and litter sifting (Fig. 1) .
Beside the species' spectrum sampled by soil samples, 1, 2 or 3, other species were recorded by pitfall traps exclusively. Lithobius erythrocephalus C.L. Koch, 1847, Lithobius nodulipes Latzel, 1880 and Lithobius piceus L. Koch, 1862 were not present in soil samples and Lithobius forficatus (Linaeus, 1758) was rarely extracted from soil samples (Table 1) . Litter sifting was also useful in the short-term; 2 species were collected by this method, at MORLithobius agilis C.L. Koch, 1847 and Strigamia transsilvanica (Verhoeff, 1928) . In general, litter sifting collected few centipedes (20-55%, Fig. 1) , showing that this method is inefficient; similarly, hand collecting was also ineffective. At three localities (VR1, VR2, HNM) all species were recorded by the combination of soil samples and pitfall traps (Table 1) . Other combinations (with litter sifting or hand collection) were not as successful.
In summary, the need to use more than one method to uncover the centipede species spectrum was identified ( Table  2 ). All species (18) were only recorded when a combination of pitfall trapping and soil sampling were used; individual methods recorded only 15, 15, 7 and 8 species. Pitfall trapping and heat extraction of soil samples were the only methods capable of recording relic (less abundant) species (Table 3) . 
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Groups of trapped centipedes
Joint evaluation of the material collected from all four localities in Litovelské Pomoraví PLA has revealed specific patterns of recording species by individual methods (Table 3) . Separate groups are characterised according to their preferred environment (soil surface vs. soil layers) and their frequency in samples (abundant vs. less abundant species). Five groups can be recognized, as follow: 1. larger, abundant lithobiomorphs: group of abundant ground-dwelling species of the order Lithobiomorpha with larger body size (more than approximately 12 mm). These species were recorded by all methods, but fell more often in pitfall traps. 2. larger, scarcer lithobiomorphs: a group of rare (with low dominances) but large species from the order Lithobiomorpha. These species were recorded by pitfall trapping exclusively; 3. smaller, soil lithobiomorphs: group of centipede species with small body size (less than 12 mm) inhabiting cavities and burrows in the soil, offering more favourable conditions (higher humidity, lower temperature fluctuation) and low epigeic activity. These species were recorded mainly by extraction of soil samples and several individuals were collected in pitfall traps; 4. abundant geophilomorphs: group of centipede species from order Geophilomorpha with abundant populations. These species were extracted from soil samples, and fell in traps also relatively frequently. The probability of recording these species using other methods (sifting, hand collecting) was relatively high as well; 5. scarcer geophilomorphs: the second group of geophilomorphs, which were relatively rare and were recorded exclusively in soil samples.
DISCUSSION
Efficiency of methods
We compared four main methods of soil macrofauna sampling to ascertain how well they determine the local centipede species' spectrum. In our results, the most useful methods were pitfall trapping and extraction of soil samples. Their combination recorded all species in the localities sampled, particularly in the long-term. Litter sifting and hand collecting of centipedes can be complementary methods in short term studies since they collect a large portion of the species' spectrum, but do not efficiently record less abundant species. Similarly to our results, a combination of sifting and hand-collecting were the most effective methods for sampling centipedes in the African savannah with prevailing scolopendromorphs (DRUCE et al. 2004) .
It is necessary to note that our soil samples were heatextracted by modified Berlese-Tullgren funnels. Soil samples can be processed not only by this Berlese-Tullgren device, but by using Winkler xereclector or to be handsorted. Published comparisons favour Berlese-Tullgren funnels (SMITH et al. 2008 , SABU & SHIJU 2010 .
Centipedes are not the only soil animals that are regularly sampled. Terrestrial isopods (Isopoda: Oniscidea) or millipedes (Diplopoda), for example, also have diversified life strategies (SCHMALFUSS 1984 , HOPKIN & READ 1992 ; some species live exclusively in soil, whereas others are mostly ground-dwelling. Both millipedes and woodlice are among the most important decomposers in terrestrial ecosystems. Thus, to assess their local diversity, a combination of different methods may be necessary. For example, to sample millipedes, a combination of hand collecting and litter sifting are recommended (SNYDER et al. 2006 ), or hand collecting by an experienced handpicker, including the deeper strata (MESIBOV et al. 1995) . Similarly, spiders inhabit different strata (litter, soil, trees) and it is useful to 
Ecological groups of centipedes
Centipedes can be divided into five ecological groups according to their probability of being recorded by a particular collecting method. There are two main groups with different biologies -the more surface-dwelling and litter-dwelling lithobiomorphs and the geophilomorphs, which are mainly associated with soil strata (POSER 1990) . Lithobiomorphs usually represent a very high proportion of pitfall trap catches (e.g., FRÜND et al. 1997 , GRGI & KOS 2009 ). These two groups can be divided according to their trapability; abundant species are collected by all methods, and less frequent species are recorded only by one method (i.e. by pitfall traps in Lithobiomorpha and soil sampling in Geophilomorpha). The fifth group is composed of small, more endogeic lithobiomorphs -they are caught by pitfall traps and are also extracted from soil samples. These species (and younger specimens of larger lithobiids) live in soil crevices and fissures trying to protect themselves against cannibalism of larger centipedes (RAWCLIFFE 1988 ) and the drier conditions on the surface.
Since there are several ecological groups of centipedes, a combination of methods is necessary to sample them all. Our results have shown that the most useful methods are pitfall trapping and heat extraction of soil samples. Both methods are relatively inexpensive. Pitfall traps are made from common glass or plastic pots usually and Tullgren apparatuses can be simply created from plastic pails (TUF & TVARDÍK 2005) .
